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DDT PERSISTENCE IN WILD HARES AND MINK

1. A, SHEABURNE,! Depattmant of Entomatagy, Unsiversity ol Maine, Oronoe
J. B DINOND, Depoument of Entomslagy, Univenity of Moine, Orone

Astract:

Hesidue data i wild hates (Lepus wnericanta) and mink {Mustelle clson} following 1t

applications of DD to the forest ase presented. Nestdoes of feom 0.5 to 2.6 ppun DIYE awd it ictadbas
lites are shown to persist I mink up to 9 years abter o single applicution of 1 I/acte. Results of analyses
of adalt hares and hate fetuses shiow Tow testdue tevels Hnougliont 10 sears fullowing spraying (hal are
nob significantly difterent (1 < 0.05) from levels Towd in hares from untreated forests, fattems of DT
tealdue Jevels amd pensistence shown for these species wie compared with sindlar pattesis shown for

ather saannalian hechivares and predators.

———

The contamination of a resident fauna
from prolonged DDT persistence Ju soll has
been documented  (Dimond et o). 19634,
1905h; Dimond and Sherburne 1969). DDT
in the covironment is retlected in varying
ptterns of persistence in animals occupying
different trophic levels {Mecks 1905, Woad.
well et al, 1967). 1t has been demonstrated
that DT and other slowly degeading ma-
terduls are systematically concentrated in
the upper layers of tophic  pyrambds

(Walker et al. 1967). We present resklue -

clata from wild populstions of two species -
of manmnals illustrating the above points,
Our study involves data from forests that
received single, 1 b pae acre applications
of DT within the past 0 years.

These investigations ha<e been made in
areas sprayed for control od the spruce bud-

- worm (Choristoneura fumiferana) i noeth.
vm Maine, Aerial applications were carried

out by the State of Maine Forest Service in
1938, 1960, 1961, 1983, 1964, nnd 1967, cov-
cring 53,000--475,000 ucres. There was con-

“sidernble - overlupping of treatments: from
.. year to year, but sizable areas were treated
“only onee, from 1=30 years i the past. Ad-
“ditienal nreas were treated two or three,

times. Samples from surrounding forests of
similar type mud with o history of treat-

e —— ——

Uresent address, Department of Entomology
and l,hunu_hsm-.- Cotnell Univenity, Uthava, New

- Yoik,

© =

went were used as controls, Fig, 1 fllus.
trates the mosafe of treatment plots com.
prisitg the stuey area,

We wish 1o thank I E. Kadunes, A, S,

Getchell, and Jo A, Blewse of the Depart.

ment of Biochemistry, University of Maing,
for the analyses of DT residues, 1% Oat.
way, B. Aho, and J. Powell, technicians in
the Depariment of Entomology at the Und.
versity of Maine helped In e collection

amd nonldyses of spechnens. M. W, Coulter
atl Fo- B, Githent, of the School. of Forest

Resources, University of Muine advised on
wildlife aspects of the study and eriticlzed
the manuseript,. A grant from the Malne
Legishtune supplemented funding by the
Maine Ageieultural Expertment Station.

MATERIALS AND METHODS

Mink swere collected in northern Matne
during November, 1967, by several truppuers,
The skinned carcusses were held in plastic

~bags in freezer storage at =21 C until prop-

arution for analysis for DDT residues, At

- that time, the digestive tracts were removed

and saved for anadysis of stomach contents,
The Intter will be the subject of n separate
report. ‘The remaining viseeen were lelt in
the carcass, Each spechmen was ground i
n food mill, mixed, and divided into 25 ¢
subsamples, one or more of which were
analyzed for DDT content. Extraction pro-
cedures, gas chromatographic analysis, con-
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Fig. 1. Map of study area in nartheastern Malne illustiat

inn years of ODT gpplication, Smoller imert mup itlvstrales
location ol study atea within the state. '

firmation of residue Identities, and labora-
tory controls were s reported by Dimond

et ul. 1968« Recovery of DDT and dts mes

tubolites averaged 83 percent. “The residues
were expressed as wel welght concenlras
tons fn whole animals minus the digestive
tracts, ‘
Because specimens obtained from trap-
pers had been skinned, it was pecessary to
correct the data for amounts of DT pres-
ent i the hide. A correction factor was
calcuiated based upon the analysis and

comparison of residues in several carcusses

and ‘skins of wild weasels (M. erminca) mul
rnnch mink,

“Varying hares were shot during June mnl

July of 1967 and 1968, along logging and
secondary” roads remate from agriculturnl
lands or human habitation. From 410 12
hares were collected from  plots treated

once, 28 were shot within areas treated two -
and Whree times, and 18 were taken from

[

!

Table 1,  fotal revidves of DD and metabolites in hares
colfected from orens with vorlable treatmant historg, pres
tenting mean, tanga, ord somple sire.

Yoans SIACE ThEAYMENT Turat Resivys

witn 1 L/ deny; L)
U1 0,08 (0-0.10) (-I;
h 0.04 (0-0.1i) (0
10 0.02 (-0,10) (12
Untreated I (0-008) (13
Treated 2 and 3 tes . 003 (B-01T)

untreated sites snrrounding the sprayed
arens, , .

The speclmens were treated similarly to
the mink prior 1o extraction, and the same
method of subsampling was followed, Feel
und digestive traets were removed hefore
grinding, but skins were included in the

~snmples, Six of the females were prognant,

wdl the fetuses were separately. amadyzed

_-us whole specimens for DT residues,

RESULTS

Resitlues in hares tended to be very low
('I'nble 1), Annlysis of variance of tesidues

" andimads from treated and untreated plots™ ~
showed insignificant differences (P > 0.05).

DDE and DDL comprised 13-21 percent,
and 0-12. peraunt, respectively, of total”
noT rcslduc.s in adult . hares, c:_-ccpting,_‘
those from year of spray, where DDE com-
prised only 3 pereent of the total. .

- Fetuses that were analyzed for DDY resi.
dues and compared with values for, their

- mothars varfed greatly (Table 2). :\gnin.
the levels were gencrally very low mnglng ‘;\_

from < 0005 to 0.189 ppm.” The sample
munbers were too small to assess the degree:

-of passage of DDT across the placental bar-" -
* rier, In all fetuses analyzed, the pereentage’

of DDD was ertcr than DDE, comprising
30 and 14 pereent, respectively, nl' the total -
BT residue. -

As alnlcd before, a com'crsion fnctor was
necessury” lo “adjust the residue dnta for
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table 2, Compariten of loiat residver of DOT and mutabo.
lites in pragnant hates and theit letuim,

" Tobte ;. :
ofites from reyduss in carcores ond 1hins of weasals and -
. tanch mink, boted upon :\m comptising 17 P!!cm of tatol

Mink

X Toran Resivve uy Totsh Nases
Sreemox Frasaty llane ar Fryesis
No. . ippe (Ppm)
125-08 0.00 ZO05 -

<0005
<0005
2-64 0.03 0m
.05 0.02
0.02
002
<000 am
tnt
- om
001
115-65 (1114 017
0.02
0.02
LIR(]]
<0n00J
' oy
0,03
113-8% <0.005 0.01
007
.07

102-08

111-08 0.06

mink. Table 3 presents residue data fis skins
and carensses of wensels and ranch mink

used to convert data from wild mink that

were skinned. The skin comprises 17 por.
cenl of the total body welght but contains
n higher concentration of residue, probably
In subcutancous fat. Carcass reslducs i

- mink were multiplied by 1.3 to compensate

for the loss of the skins.
Residues of DDT in mink were consider-

" ably higher than in_hares, and there was’

. P — !a*al.bodr resldues of DOV and metab.

body waeight,

" Convinien

Hesee Nzmoen~  Cove  Toraw Bony

) s N Bony | N SKIN  vERDNY  Jlenoer .
ANLAAL (ppm} . (ppn) . Facton {ppm)

Woeasel - 0.52 1.09 12 0.02

- Weasel 013 ;0 040 13 018

Mik - 016 ©! 056/ i5  a22
Mink 005 ' 013 12 . 007
~085 147 11 090

_ levels after 6-

Table A, Correciad lotal residyes o) DDT ord melobolites
in mink ollectad from atgar with variable treatmant history,
preteniing meon, tange, ord tample site.

Yeans Siner ‘Theate

sExT with | Lh Tora Beaiwers

PER ATRE (ypm)
0 85 (4.4-12.3) (2)
7 1.3 (0:4-3.0) 4)
9 1.0 (0.5-2.0) 13)
Untrealed 0.2

0.04-05) (14)

evidence of prolonged  persistence, . with
restdues at 7 und 9 years after application

~ wellabove levels in anfimals from unsprayed

areas (Table 4}, Cocfficients of varlation
for anfmuls from the three different treats
ment plols and the controls ranged from

. 55.7 to 77.0 percent and averaged 66.1 per-

cent. A Duncan's test showed significamt
dilferences (P < 0,03) between the means
of the residue levels of the controls and of
all treatments combined, Within treatinents,
signiflcant differences (P < 0.03) occurred
between the 1967 spray area (0 years since

“spray) and-other treatments;-however, no -~

signifficont  dilferences (P > 0.03) were
found between the resichie |¢:w.-|-s for 7 and
9 wnrs after spray.

DISCUSSION

Dimond and Sherburne (1969} have dis-
ctlsscd residue persistence In small mam-
mals. Those data_ean be compared with

“the results deseribed in the present study
-with regard to troplic level of the various

species. The above authors found that mice

- (Peromyseus sp.) and voles {Clethrionomys
- gapperi) nccumulated thicir highest levels of -

DDT, about 1.0 ppm, during the year of
spray., These values subsequently declined
and residue levels nppronchcd prclrnntmcnl
6-7 years, '

Shrews (Blaring brcufcuuda Microsorex
hoyi) on the other hand, were found to con.
tain from 10-10 times the total residue car-
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Peasivienae o DT s Haae axpe SUsk « Sherburne and Dimond

ried by indee and voles i all treatinent
arens.  Restdues  remained  stgaificantly
above pretreatment levels througl 9 years
followlng a single application.  High wiean
residues of 3150 ppm In the year of treate
ment, declined to 2.5 ppm by 3 years after
application, hut remained at aboul this level
with little apparent decline therealter,

The hares esauifned In the present study
showed u residue persistence pattern similar
to that I milee andd voles but ot a lower
level and with less evidence of contaminn-
tion fn the years following treatmert, This
ne doubt reflects the different [eeding
hubits of e small wmnmmals and haees, s
mice and voles take some inverlebrale ani-
muls i the diet while hares are u\clushd\-
lierbivorous,

Mink, on the other hand, dumomlrnlcd-

the considerably higher and mere persistent
residue nccumulations that we would ex-
peet in a carnivore. Residue levels i mink
were from 10 to 90 tines the total residues
i hares, Nestdue levels nfter 7 ond 9 years
were still significantly above pretreatinent
levels. In these respeets, mink appear lo
show resichte levels and persistence patterns
very similar to those found in shrews (l)!o
mond and Sherburne 1969), .
‘The protracted persistence of DOT o
forest scils lins  been  well-documented
( Woodwell and Maxtin 1964), but \licre {s
litle evidence of persistence in living plant

material. Residue levels in mammals in the
years following application reflect these dif- .

l'crcnl levels of DDT retention dependent

upon tuele hopl fe position, Tho low levels

aud lack of persistence noted in hares is in
agreetiient with, DDT levels found in her-

bivores fn other studies following applica.

tion of DDT to the forest (Pillmore and
Finley 1963, Walker ot al. 1963), Deciduous

. and herbueeous follage appareatly contains
“little or no DT 1 year lollowing applica.

D’l‘ N

lion; this results In sHght contamination n

antmals feeding on this materinl,

< The higher levels and prolonged con- _'

taminatlon in eamivores must he detved
ultinitely frow the persistent soil residues.
Mink are at the peak of a pyramidal food
web and prey heavlly on crayfish, [ish,
small muimals, and birds (Grinnell et al.
1937). Persistent DPT residues bave been
demonstrated to oceur in certaln species in
all of these groups (Dimond et al. 1968h,

Dimond and Sherburne 14969, Cottam 1963, .

DeWitt et al, 1963, ftudd 1961). Shrews

feed heavily on:easthworms, slugs, and -

ground beetles  (Itamilton 1930, Rudge
1968). These dictary items are closely as-

sochted with soffs and are anfimuls that can

concentrate DDT fmm sot rcslclues (l)n\is e

1965).
Food chnin m\\g.nil'iculiun of DY {s fi-

dicated by the higher residue levels in mink

and shrews compared to hares, mice, and

voles. It is surprising, however, that residuc -
Jlevels in mink were somewhat lower than

“those in shrews sinee the former appear to

occupy n higher trophic position. The very
“high metabolic rate of shrews may account
In pard for this difference.. Without detailed

quantitative information on the exact diet’
and DDT content of each item for thc two

types of uuinmls, this diﬁcrc pancy cmmol be .

c\plntncd
Levoels of DDT In llurhl\orc‘: l'ullou Inb

“Fiis was fllustrated for the hares from arens
treated two or three times (Table 1), Ani-
mals in these niches cun perliaps tolerate
DDT application at quantities and frequen-

cles normally used in forest insect control.

The oulluok is not as cknr for lhc care

— e e P 01+ s

DDT application to the farest, appear very DR
low and :may.-he of . questionable signiti-
cance lo the animals themselves. With little”
persistence, there is'little danger of cumu-_. .
. lattve buildup with repeated  treatments,
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nivores. In wcddition to acanoulating grealer
quantities of DT indtinlly, the nersistence
of these residues leads 1o cumnlative etfeets
i there are subsequent DT treatiaents,
This could not be demonstrted witl mbnk:
beeause of the absence of samples from
plots trewtedd two or three times, Such cue
mulntive levels were noted in shirews (DI
mond and Sherhurne 19693, however, and
are assumed (o oceor in mink.

The highest level of DIYT in mink was in
the vear of treatment {Table 4) und was
well helow lethal levels sugiested for ranch
mink by Aulerich et al (18908}, Gilbert
(1969), however, showed that total blood
vounts deercased and cmbryonie loss in-
creased fn ranch mink fed very low quan-
tities of DT amd its metabolites over sev-
eral months,  Residue asalyses of these
andmals showad levels which appear come
parable to those we report in wikl mink 7
and 9 years aiter n single DIYT application
1o the Torest, Direct comparison of the lwo
studies §s diffienlt since Gilhert analyzed

seleeted organs of mink rather than whole

bodies. This evidenve does snggest, hows

ever, that the DDT residue levels we find
persisting fn mink and several other preda-
lars for long periods lollowing a singlo in-
seel control progrum can piaduce physio-
logieal changes In mink under lnboratory
conditions. ‘The significanee of this in na.
ture cannot presently be specified, bat it
invites study.
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